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[bookmark: _Toc116995841]Introduction
In RAN4#106bis-e meeting, the first discussion on HST FR2 UE Demodulation was taking place. There were already some agreements made, which are documented in the WF [1]. There were three topics discussed in the meeting, namely, HST FR2 with Carrier Aggregation (CA), HST FR2 with simultaneous multi-panel reception and HST FR2 with both simultaneous multi-panel reception and CA. It is already agreed in RAN4#106bis-e meeting that RAN4 will not define requirements for HST FR2 with both simultaneous multi-panel reception and CA. 
In this paper, we will discuss HST FR2 with multi-Rx chain DL reception UE Demodulation Requirements, in which the remaining open issues as in the agreements from RAN4#106bis-e are summarized below: 
	[bookmark: _Hlk134883827][bookmark: _Hlk132937362]Issue 2-2-4: UE processing assumption for the FFT window
Agreement: 
· Number of FFT window: RAN4 need to further evaluate performance with below candidate options
· Option 1: single FFT window for FR2 HST demodulation requirements definition for two panels
· Option 2: independent FFT window for each panel for the scenario the reception time difference between different TRPs is larger than one CP.

[bookmark: _Hlk132937464][bookmark: _Hlk132937502]Issue 2-2-6: Transmission schemes
Agreement: 
Prioritize mDCI with full-overlapping resources based mTRP scheme for DL demodulation performance study of FR2 HST simultaneous multi-panel reception 
· FFS on sDCI



[bookmark: _Toc116995842]Discussion
In the following, we will provide our views on the remaining open issues. The first open issue is about UE processing assumption for the FFT window:
	Issue 2-2-4: UE processing assumption for the FFT window
Agreement: 
· Number of FFT window: RAN4 need to further evaluate performance with below candidate options
· Option 1: single FFT window for FR2 HST demodulation requirements definition for two panels
· Option 2: independent FFT window for each panel for the scenario the reception time difference between different TRPs is larger than one CP.



This open issue has been discussed both in the offline discussion and online session of RAN4#106bis-e and has been documented in [2].
In HST-FR2 with multi-RX chain DL reception, we consider a setup in which there will be an independent FFT for each panel. While in defining the requirements we are considering the CPE as a UE, it can be expected that a CPE is more advanced than a normal UE. The CPE is acting as an intermediate node between the gNB and the onboarding UEs inside the train. Hence, it provides the backhaul link to the gNB as well as the access link to the onboarding UEs. With such capabilities, it is expected that the CPE will have more advanced processing technologies than a normal UE, not least due to not being power constrained.
[bookmark: _Toc135081715]CPE is having more capabilities than a normal UE and is not power constrained.
[bookmark: _Toc135081716]RAN4 shall consider that the CPE will have independent FFT per panel.

The second open issue is about the transmission schemes for HST FR2:
	Issue 2-2-6: Transmission schemes
Agreement: 
Prioritize mDCI with full-overlapping resources based mTRP scheme for DL demodulation performance study of FR2 HST simultaneous multi-panel reception 
· FFS on sDCI



In [3], we have provided our views on the considered transmission schemes for HST FR2 with simultaneous multi-panel reception, in which we propose to focus on mDCI and discuss the feasibility of sDCI. With the assumptions already agreed in RAN4#106bis-e [2] that there is no inter-TRP interference and the time difference between the TRP can be more than CP, it is expected that mDCI will be more suitable than sDCI. Using sDCI, it is needed to have more stringent time difference between the TRPs, as the data layers transmitted by the two TRPs are coming from the same codewords (transport block). On the other hand, mDCI gives more flexibility in the processing of the data layers from the two TRPs, as they are coming from two different codewords (transport blocks) and, hence, can be processed independently. Furthermore, as in HST FR2 the train is moving towards one direction, it can be expected that the received signals from the two TRPs will be different, in which the extreme difference will be at the point where the train is very close to one TRP and far from the other TRP. In such typical power imbalance scenarios, mDCI will allow the TRPs to transmit with two different MCS, and hence, the data layers are not bounded by the lowest MCS. On the other hand, sDCI will be limited to the lowest MCS as the data layers transmitted by the two TRPs are coming from the same codeword.

[bookmark: _Toc135081717]In HST FR2, the train is moving, which will cause power imbalance between the received signals from the TRPs.
[bookmark: _Toc135081718]mDCI allows to have different MCSs transmitted from the two TRPs.
[bookmark: _Toc135081719]sDCI is bounded by the lowest MCS and requires more stringent time difference requirements than mDCI.
[bookmark: _Toc135081720]It is assumed that there is no inter-TRP interference and the time difference between TRPs can be more than CP.
[bookmark: _Toc135081721][bookmark: _Hlk134888098]RAN4 to consider mDCI in defining the PDSCH requirements for HST FR2 with multi-Rx chain DL reception.
[bookmark: _Toc135081722]sDCI can be considered if it can be shown that it has advantages than mDCI in HST FR2 with multi-Rx chain DL reception, and interested companies are encouraged to provide their studies.

[bookmark: _Toc116995848]Conclusion
In this paper, we provide our views on the remaining open issues on HST FR2 with multi-Rx chain DL reception. The following Observations and Proposals were made:
Observation 1: CPE is having more capabilities than a normal UE and is not power constrained.
Proposal 1: RAN4 shall consider that the CPE will have independent FFT per panel.
Observation 2: In HST FR2, the train is moving, which will cause power imbalance between the received signals from the TRPs.
Observation 3: mDCI allows to have different MCSs transmitted from the two TRPs.
Observation 4: sDCI is bounded by the lowest MCS and requires more stringent time difference requirements than mDCI.
Observation 5: It is assumed that there is no inter-TRP interference and the time difference between TRPs can be more than CP.
Proposal 2: RAN4 to consider mDCI in defining the PDSCH requirements for HST FR2 with multi-Rx chain DL reception.
Proposal 3: sDCI can be considered if it can be shown that it has advantages than mDCI in HST FR2 with multi-Rx chain DL reception, and interested companies are encouraged to provide their studies.
[bookmark: _Toc116995849]
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